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; therefore, scent is a valuable mechanism of information transmission. Because the mating system of brown bears is polygynous, adult males fight with each other for opportunities to mate with females during the breeding season (May-July; Tsubota et al. 1985; Ishikawa et al. 2003) . Young male bears disperse from their natal areas, probably to avoid mating competition with older bears (Zedrosser et al. 2007 ), and they are likely able to identify sexually mature male brown bears by odors emitted from anal sacs (Rosell et al. 2011; Jojola et al. 2012 ).
Sub-adult male bears might store information derived from adult male odors for future encounters to reduce the cost of conflict (Jojola et al. 2012) . Therefore, brown bears seem to use olfactory communication.
Brown bears often rub themselves against trees (Green and Mattson 2003; Karamalidis et al. 2007; Clapham et al. 2014; Sato et al. 2014 ) placed along travel routes, perhaps as landmarks (Green and Mattson 2003, Clapham et al. 2013) . Adult male bears rub against trees more often than other age and sex classes throughout the non-denning period, and D r a f t 4 adult males might utilize chemical signaling to impart dominance information (Clapham et al. 2012) . This behavior peaks during the breeding season (Green and Mattson 2003; Clapham et al. 2012 Clapham et al. , 2014 Sato et al. 2014) . A study of the motor activity of sent marking in brown bears (Clapham et al. 2014) , identified bipedal back rubbing as a core marking posture. Elevated marking behavior might widely disperse information and increase detectability (Albert et al. 1992) , or convey competitive ability (White et al. 2002) . We speculated that male brown bears communicate chemically by rubbing the skin on the back against surfaces during the breeding season, and that information derived from this behavior is related to reproduction.
Wild brown bears seem to increase the amount of tree-rubbings during the breeding season (Green and Mattson 2003; Clapham et al. 2012 Clapham et al. , 2014 Sato et al. 2014) . We hypothesized that male brown bears have sebaceous glands in back skin that become enlarged by testosterone during the breeding season. This is because sebaceous gland enlargement depends on testosterone levels in goats Capra hircus (L., 1758) (Iwata et al. 2000; Wakabayashi et al. 2000) , golden hamsters Mesocricetus auratus (Waterhouse, 1839) (Vandenbergh 1973) , rat-like hamsters Cricetulus triton (de Winton, 1899) (Zhang et al. 2001) , and musk rats Ondatra zibethica (L., 1766) (Lu et al. 2014) . In order to investigate the characteristic of sebaceous glands in skin from the back of brown bear, the present study aimed 1) to define seasonal changes in sebaceous glands relative to breeding season and: 2) to clarify the relationship between those changes and testosterone levels.
Materials and methods
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Experimental design
We investigated seasonal changes in sebaceous glands in skin from the backs of bears as follows. We firstly visually assessed the skin on backs of anesthetized captive intact bears and collected skin samples for histological analysis during the following seasons:
pre-breeding (February), transitional (April), breeding (May and June; Tsubota et al. 1985; Ishikawa et al. 2003) , and post-breeding (August and October), which is classified on the basis of the previous study about testosterone of male brown bears (Tsubota and Kanagawa 1989) . To examine whether or not sebaceous gland enlargement is specific to skin on the back during the breeding season, we compared skin sampled from back and rump, because back rubbing is a core posture, whereas rump rubbing is not (Clapham et al. 2014) .
Moreover, to examine the relationship between those changes in sebaceous glands and testosterone levels, we measured plasma testosterone concentrations and the size of the sebaceous glands in intact and castrated male bears. The presence of androgen receptors was immunohistochemically assessed.
Animals
We studied 11 captive Hokkaido male brown bears from the Noribetsu Bear Park, Hokkaido, Japan (42ºN, 141ºE: Facility A; five individuals: four intact and one castrated), Ltd., Kanagawa Japan), vegetables, and fruits once or twice a day with water ad libitum.
All the bears studied herein was born in captivity. Rubbing behavior occurred during the study period. Bears rubbed themselves against walls in the absence of trees in Facility A.
Male and female bears were separated in Facility A, but a short distance between pens allowed for olfactory and auditory cognition. Facility B did not house any female bears.
All bears were between eight to 25 years of age, and were sexually mature. The bears were exposed to natural photoperiods throughout the year.
Skin examination and tissue collection
Samples were collected from the same individuals at Facility A during February, April, May, June, August, and October, and at Facility B in April, June, and October (Table 1 ).
The bears were repeatedly anesthetized via the intramuscular administration of 2.5-3. 
Histological and immunohistochemical analysis
Fixed skin tissues were dehydrated in serially diluted ethanol, embedded in paraffin (Paraplast Plus; Kendall, Mansfield, MA, USA), cut into 4-µm thick sections and mounted onto Mas-coated slides (S9904, Matsunami Glass Ind., Ltd., Osaka, Japan). To examine the skin glands, deparaffinized sections were stained with hematoxylin and eosin.
Androgen receptor (AR) expression was immunohistochemically assessed using the avidin-biotin complex (ABC) method (Hsu et al. 1981) . Samples of skin collected from intact and castrated back, and intact rump in June were prepared for immunohistological assessment as follows. Deparaffinized sections were incubated in a LAB antigen retrieval solution (Polysciences Inc, Eppelheim, Germany) at 60 °C for 60 min, and then soaked in 0.3% H 2 O 2 in methanol for 10 min to inactivate the endogenic peroxidase. 
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Hormone assay
Plasma testosterone concentrations were measured with an enzyme-immunoassay (EIA) using anti-testosterone serum (COSMO FKA 102E, Cosmo Bio Co., Ltd., Inc., Tokyo, Japan) and horseradish peroxidase-labeled testosterone (COSMO FKA 101, Cosmo Bio Co., Ltd., Inc.). The EIA procedure was conducted as previously described (Miyamoto et al., 1992) . Testosterone was extracted from the plasma sample with diethyl ether and was subsequently measured, and the extraction efficiency was 91.5%. The standard curve ranged from 0.025 to 25 ng/mL, and 50% of the effective dose of the assay was 0.462 ng/mL. The average intra-and inter-assay coefficient of variation values were 7.8% and 8.1%, respectively.
Statistical analysis
Nonparametric analyses were performed, since the sample size was too small to assume normal distribution. A Kruskal-Wallis test was performed to detect significant differences in sebaceous gland size indices and plasma testosterone concentrations between intact males assigned to different seasonal groups, and a Steel-Dwass test was performed to verify the group pairs that showed significant differences. Spearman's rank correlation test was performed to investigate the correlation between the sebaceous gland size indices and the plasma testosterone concentrations in intact males. The sebaceous glands size indices and the plasma testosterone concentrations between intact and castrated males were compared using the Wilcoxon rank sum test for each season. For samples collected in June, the sebaceous gland size indices between the back and rump skins of intact males were compared using the Wilcoxon rank sum test. All data were statistically analyzed using R D r a f t 10 software (R Development Core Team, 2015) , and a P-value of <0.05 and <0.1 indicated a significant differences and tendencies, respectively. Data are presented as the median (range).
Results
Skin observations
Abundant sebum secretion ( Fig. 1 ) was observed on the back skin during the transitional (n = 6/6) and breeding (n = 11/12) seasons. The secretion was observed at the midline of the back skin from the first cervical vertebra to the second lumbar vertebra (Fig.   1 ). The secretion had a very strong sweet odor, and the color was brown or colorless. Oily secretion was not evident beyond this specific area of back skin. During the pre-(n = 4) and post-breeding (n = 12) seasons, no secretions from back skins of males were detected from back skins of males. Throughout the experiment, no secretions were found on the back skin of castrated males (n = 3, all seasons). Figure 2 shows the histological findings of back skin samples from intact males collected during the study period. Enlarged sebaceous glands were situated next to follicles during the transitional (n = 6/6) and breeding (n = 11/12) seasons, with the exception of one male sampled in June that had shriveled sebaceous glands that did not secrete sebum.
Seasonal changes in sebaceous skin glands and plasma testosterone concentrations
The sebaceous glands in back skins of intact males shriveled during the pre-(n = 4) and post-breeding (n = 12) seasons. In castrated males, sebaceous glands did not become enlarged throughout the experimental period (n = 3, all seasons). Changes in the index of D r a f t 11 sebaceous gland size in intact males during the pre-breeding (n = 4), transitional (n = 6), breeding (n=12) and post-breeding (n=12) are shown in Fig. 3 . Indices of sebaceous gland size tended to be higher during the transitional and breeding seasons than during the pre-breeding season (P = 0.05 and P = 0.07, respectively), and the indices were significantly higher than that of the post-breeding season (P < 0.05 and P < 0.05, respectively). The sebaceous gland indices were significantly higher in intact males than in 
Immunohistochemistry of AR
Staining for AR in the nuclei of sebaceous gland cells was positive in the back skin samples collected from all eight intact and three castrated bears in June (Fig. 5) . Staining for AR was also positive in the intact male with shriveled sebaceous glands in the back skin. Furthermore, the sebaceous glands in the rump skin (n = 4/4) samples of four males D r a f t 13 behavior (Sergiel et al. 2017) . Bipedal back rubbing is a core marking posture of bears.
The sebaceous glands in the withers of a male brown bear were enlarged compared with those of breast in autumn (Sokolov 1982) . We also found an oily secretion and enlarged sebaceous glands in back skin during the breeding season. Thus, back sebaceous glands seemed to be involved in back rubbing. We did not analyze the secretion and secretory status of apocrine glands. Further study is needed to clarify the contribution of apocrine glands to the oily secretion.
The finding that plasma testosterone concentrations were increased in all intact male bears during transitional and breeding seasons is consistent with those of a previous study (Tsubota and Kanagawa 1989) . Enlarged sebaceous glands were not evident in one intact male during June, even though the serum testosterone level did not differ from those of the other seven intact males. Moreover, the sebaceous glands from this animal specimen stained positive for AR.
In Mongolian gerbils (Meriones unguiculatus; Milne-Edwards, 1867), social stress decreased the size of the ventral gland independently of testosterone (Yamaguchi et al. 2005 ). This bear was housed with other bears that had enlarged sebaceous glands. Body size is thought to be a determinant of male brown bear status (Zedrosser et al. 2007 ). We postulate that this bear might have been under stress because it weighed less than the others during June. Taken together, social stress might inhibit the enlargement of sebaceous glands in brown bears.
In conclusion, the sebaceous glands in male bears became enlarged concurrently with high plasma testosterone concentrations during the transitional and breeding seasons.
Moreover, sebaceous skin glands in the back have AR, so the size of the sebaceous glands in the back skin of this species might be regulated by testosterone. where the abundant sebum secretion was observed. Star indicates location of skin biopsy.
Area of skin with observed secretion is limited to the midline between the first cervical vertebra and the second lumbar vertebra (dotted line). Border of abundant secretion is marked with arrow (visible sebum covering skin and hair) and arrowhead (dry skin and hair). testosterone concentrations of intact bears. Indices tended to be higher during the transitional and breeding seasons than during the pre-breeding season (P = 0.05 and P = 0.07, respectively), and were significantly higher than during post breeding season (P < 0.05). Testosterone concentrations tended to be higher during the transitional, than during the pre-breeding season (P = 0.05), and significantly higher than during the post-breeding season (P < 0.05). Plasma testosterone concentrations during the breeding season were significantly higher than during pre-and post-breeding seasons (P < 0.05). Pre-breeding, n = 4; Transitional, n = 6; Breeding, n = 12; Post-breeding, n = 12. 
